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STUDY TYPE: Mammalian cells in culture‘unscheduled DNA synthesis
(UDS) assay in human fibroblast (WI-38) cells

MRID NUMBER(s): 28625, 132952 and 133008
SYNONYMS/CAS No.: methyl-DDT, Marlate, 72-43-5

SPONSOR: United States Environmental Protection Agency
Health Effects Research Laboratory
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TITLE OF REPORT: In Vitro Microbiological Mutagenicity and
Unscheduled DNA Synthesis Studies of Eighteen
Pesticides

AUTHOR(S) : Vincent F. Simmon, Ph.D.

STUDY NUMBER(S) : EPA-600/1-79-041
Contract No. 68-01-2458

REPORT ISSUED:—October 1979

CONCIUSION(S) - Executive Summary:

Under the conditions of this test, Methoxychlor at dose
levels up to 1000 ug/ml, with and without metabolic activation,
did not cause an increase in UDS. A precipitate was noted at the
two top concentrations tested. The positive controls were
adequate.

Classification: Acceptable
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A. MATERIALS: A copy of the "materials and methods" section from
the investigators report is appended.

1. Test Material: Name: Methoxychlor
Description: technical '
Batch #: 6543-108 Purity: Technical
Contaminants: none reported
Solvent used: DMSO
Other comments: Manufacturer: EI du Pont de Nemours & Co.

2. Control Materials:
Negative: 0.5% DMSO
Solvent/final concentration: 0.5% DMSO
Positives —
Non-activation:
4-nitroquinoline-N-oxide (4N8QO): 10~5 M
Activation:
dimethylnitrosamine (DMN) : 5X1072 M

3. Activation: S9 derived from Aroclor 1254 induced mouse liver
S9 mix composition:
9000xg supernatant of liver homogenate (250 mg liver/ml)
nicotinamide 3.05 mg/ml
glucose-6-phosphate 16.1 mg/ml
MgCl,.6H0 5.08 mg/ml
NADP 0.765 mg/ml
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4. Test compound concentrations used:
Non-activated conditions: 0, 0.1, 1.0, 10, 100 and 1000 ug/ml
Activated conditions: 0, 0.1, 1.0, 10, 100 and 1000 ug/ml

5. Test Cells: mammalian cells in culture, WI-38 cells grown in
T=-25 culture flasks
Properly maintained? yes
Cell line or strain periodically checked for Mycoplasma
contamination? yes
Cell line or strain periodically checked for karyotype
stability? not stated

B. TEST PERFORMANCE

l. Cell treatment:
a. Cells exposed to test compound for: 3 hours (non-
activated), 1 hour (activated).
b. Cells exposed to positive controls for: ? hours (non-
activated), 2 hours (activated).
c. Cells exposed to negative and/or solvent controls for: 3
hours (non-activated), 3 hours (activated).

2. Protocol:

According to the investigators:
"The contact-inhibited WI-38 cells were incubated
at 37°C with dilutions of the pesticides and with
1 uci/ml of 3H-TAR (specific activity, 6.7 Ci/mmole).
For testing in the absence of metabolic activation,
the cells were exposed simultaneously to the pesticide
and to 3H-TdR for 3 hours. For testing with metabolic
activation,_the cells were incubated together with
pesticide, 3H-TdR, and the metabolic activation
preparation for 1 hour. (The shorter exposure time
for metabolic activation testing was used because
longer exposures of WI-38 cells to the liver
homogenate preparation could be cytotoxic. In both
¢ases, the cells were then incubated with H-TdR and
HU, but without pesticide, for an additional 3 hours.

DNA was extracted from the cells using a modification
of the PCA-hydrolysis procedure; one aligquot of the
DNA solution was used to measure the DNA tontent,
after the reaction with diphenylamine, and a second
aliquot was used for scintillation-counting
measurements of the extent of incorporation of 3H-TdR.
The results were expressed as disintegrations per
minute (dpm) of incorporated 3H-TdR per unit of DNA
and_were compared with the rate of incorporation

of 3H-TdR per unit of DNA_and were compared with the
rate of incorporation of 3H-TdR into cells exposed to
solvent only (negative controls)."

=2,
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3. Preliminary cytotoxicity assay:

No data provided, apparently the investigators did conduct a
preliminary cytotoxicity assay.

4. Cytogenetics assay:

The following table presents the results of the UDS assay
extracted from Tables 113 and 114 of the investigator's report.

UNSCHEDULED DNA SYNTHESIS ASSAY OF METHOXYCHLOR
(MEAN dpm/ug DNA)

Without metabolic activation
Concentration of Compounds Tested

Methoxychlor (ug/ml) 4NQO éM)
o* 0.1 1.0 10 100t 1000 lo0=2
Mean™ 113 79 79 99 90 106 1343

SD 18 8 13 32 15 12 78
With metabolic activation ' .

Concentration of Compounds Tested

Methoxychlor (ug/ml) 4NQO éM)

_0* 0.1 1.0 10 loot '1000% 10=2
Mean*t 136 97 80 101 112 104 593
SD 27 18 19 13 20 13 78

*Negative control and compound solvent, 0.5% DMSO
+Precipitates observed at 100 and 1000 ug/ml.
++Mean of 6 samples (except 10 ug/ml with metabolic
» activation, 1 sample lodt)

The data above indicate that at dose levels tested, Methoxychlor
with and without metabolic activation did not cause increased 3H-
TdR incorporation.

5. Reviewer's discussion/conclusions:

From the data presented Methoxychlor at dose levels up to
1000 ug/ml either with or without metabolic activation did not
cause an increase in UDS (precipitates were observed at 100 and
1000 ug/ml), whereas the positive controls did.

6. Was test performed under GLPs (is a quality assurance
statement present)? no -

7. CBI appendix attached? This is a published study.
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Microbiological Assays
The jin vitro microbiological usny lyum used to examine the 18
pesticides to mutagenicity were _ggnclh typhimurium (TA1535, TALS37,
TA1$38, TA98, and TAl00), Escherichia coli WP2, repsir-deficient and
-proficient strains of Bacillus subtilis (H17 and M4S) and of E. coll

(3110 and p3478); and the yeast Saccharomyces cereyieige D3. Ia each
procedure exgept the relative toxicity assays, an Aroclor 1254-stimulated,

Al o 1t oM
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‘zat liver bo-ogmu matabolic sctivetion system was included to provide bt ;
metabolic ucpa that the microorgenisms either ntc incapsble of cosducting = T - sy
or do not carry out under the sssay conditioms. ’ i ’E

The assay pfocodutc vith §. typhimurium has proven to be 80 to 902 ’
sccurate in deuctm cercinogens &8 mutageas, ‘and it hes sbout the same .
sccuraecy in ;ldcntifyin; cheaicals that are not carcinogenic.’*® The assay o ; )
p:occdun wvirh S. cerevisize ie about 55 accurate in detecting carcino~ ot

geas as and{u that incresse mitotic recowbinetiom.® E. cojt Wi and the
relative toxicity assays are three additional mathode of detecting suta~
gens; bovevi_t. the reliebility of these test ut!'zods has not been ade-
quetely validated yet. The combination of these five ssscy procedures
significantly enhances the probabilicy of detecting potentially &:nrdwc
chenitals. - _ . .

Eal.onclln typhimurium Strains TMSJS 537, TA1538 T
98 cnd TALOO * '

! e all hiscidine
auxotrophs hy virt ‘ operon. - Whea these
histidine-dépendent cel i media petri plate

ccug that revert to-histi-

3- c . .
dine indepeddance (_h_l_g_*) are able to colonies. The small amount
of huudinb‘;-d.lm ail the plat .amderge a fev divieions; -
.4n many cas c. thit grovth & ) 6 ) The
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e.'® 1a brief, adult male Sprague-Dsuley pfts (250 to 300 g) are
single 500-mg/kg intraperitonesl inj tiocn of a polychlorinated
Areclor 1254. This treatmemt enhfnces the synthesis of

ved 1nv the metabolic comwergfon of chemicals. Four days’

t.
L
g.

after the 1nj§ ion, the enimale’ food Ls :e-oved. but. drinking water
is provided ad 1fhitus. On the fifth/day, the rats are killed and the
repared as follhws. :

liver ho-nu:uu is

The livere sre re _:cd aseptjtally and placed in & preveighed
sterile glass besker. m}\er; veight is determined, and all sub~
sequant opu;ulom ere condu'_ in an ice bath.  The livers are
washed in m cqual volume of fé d, sterile 0.15 ¥ KC1 (1 wl/g of
vet orgsa), -inced with stegfile -n;*uul scissors in three voluses
of 0.15 M XCl, and homogenfzed ut:h\locnr-tlvehjc- apparstus. The
hgﬁ;cuu 1s centrifuged for 10 dnuc‘tg et 9000 x g, and the super-

L Tt e LA L IR ]
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astant, referred to as tie S-9 fraction, "tq quickly frozen ia dry ice

. T snd stored i‘:.-OO‘ c. ‘ , .,
4 e .
‘nu -.{‘beltc ctivetion mixture couu}v\l. for 10 ml: A .

] 1.00 al lruhly thavod $-9 fractiocn

e 0.20 &l of MgCl, (0. 6 M) and KC1 (1.635 M)

¢ 0.05 A1 of glucose-6-phosphate (1 X)

o 0.4 ml-of MADP (0.1 K)

o .00 ul of sodium phasphate (0.2 ¥, pH 7.4) .
* 3.35 ml of Keo. ‘

Dn.chcd‘ircd mu\ Synthesis Aseays

My'lixucntc end cercinogenic agents have been shown to imduce
unecheduled DMA syntheeis (UDS) in en in yitro tiseuve e lture system
of mammalisa cells.'® UDS {s & form of memmslian repair synthesis
thes iavolvee et lesst two proceesex firet, the egant interacts with
DKA, resulting in demage to the DA then follows incorporation
of nucleotide(s) to repair the DA, UDS, which occurs in & wide

variety ef -'r-_n?nl_un cell types, 18 considered to be & fairly untvu;ul
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system bicsuce 1t has been obaserved in all stages of the cell cycle
19,80

(Ce, Gis G2, and M) other than S, the normal synthetic phase.
(UDS is mot observed during S-phase betawse the high level of incorp- 5
oration of nucleotides during scheduled DNA synthesis obscures zhe o
relagively lov level of incorporation of nucleotidee during UDS. y i 1

v

A number of chemicele have been shown toibc uctfective in
producing DNA demsge in in vitro culturee of sammalien cells; yet in
the metabolically sctive enviroament et the vhole animal they sre
rapidly convcrted to mutagenic mdlor carcinogenic intermedistes.
Therefore, thc i{avestigetor wmust astempt to recteate this metabolic
.eavironsent 1n vlzro. This 45 usuelly done by adding & microsomal .
prepuratica tm- & mammalian liver homoezecste to the tu: systes.~
Thus, ve routi_ncly perform & parsllel series of UDS.assays in the
presence and (jbuacc of a metsbolically sctive environment to predict

the ebilticy oi an agent to induce genetic damage. - .

Ye used the UDS sseay system in the previous testing of 20 substitute .
pesticides.? -hpor ed here are the results of UDS tuuug. with and -
without uuboue activetion, of the 18 edditional éubstitute puucid'o. '

Call Culturn : -

Wi=38 celis grown ia T-25 tissus culture flasks were used for the

UDS useeys. Raplicate cultures of theee cells were initiatecl in
Eegle's hul ‘Medium containing 10X (v/v) fetsl calf cerum. The

cells vere 3rm to confluency and vere maintained ia sedius couutnla;
0.52 serus for S to 6 daye preceding the UDS asseye.® This produced
contact~inkibited cells im eynchromous cultures in the C, phase of
the mitotic cy:cic. To further reduce the possibility of imcorporation
of "H-TdR by an occasionsl S-phase cell that might escape the contacte

®is & duck lninu thc presence of mycoplasma, which could 1u:orpout¢
tritiated thymidine ("H-TdR) and thus obecure measurwents of UDS, stock -
cultures vere periodicelly eent te Microbiclogical Associates, whe
cultured them on Difco eef Heart Infusion agar or broth for snalysise_ =~ .
faor the predence of mycoplasma. The results of these anslyses were

.;'Tl:futncntlt‘mnun.. ‘
s H ' GEST DOCUENT avmsua
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iahibition synchrony and thus obecure messurements of UDS, the
cultures were preincubated for 1 hour with 107® K hydroxyurea (HU)

.

before sach asssy and 10™° M HU vae added during each subsequent

b v e s S ey
M )

step of the assays. . . :

Dilution of Compouncs ) . - . {
Immediately prior to sach sssay, the pesticide was diluted in an - -
sppropriste solveat (ethanol ot DiSO) to form a series of concentra-
tions that, vhen diluted fate culture medium, yielded the Approprutc )
) 'v“ of test concentrstions. To fecilitate solubilizetion or achieve *
- &n even nup‘iuton of the stock solutions of the 'eo-pound- ia solvent, ' s
- some of the compounds were soaicated for a brief period of time prior
to dunttou., Tbc final concentration of solvent wes mefataised at 1:
er less, vhu:h.vc have previously found to be ‘mot cytotoxic.

!hubolic. Acunuon

.-

For égn:u; wvith metabolic sctivation, & preparetion coasisting
" af the %000 x g suparnetant of & liver homogenste (250 mg of liver/ml)
from edule m--vcbucr mice vas used. To this wes edded the followiag
cofactors: ’hteotuwudc. 3.05 mg/ml; glucoee<b-phosphate, 16.1 wf/ml;
MgCl; 640,25 .08 uln.l. and NADP, 0.765 mg/wl. :

'l_:gtroh:

The poeitive controls were é-nitroquineline-N-oxide (4¥Q0), &
compound thet inducee UDS in the sbeence of & metabolic setivaciocn
sys.en, and dimethylaitroeamine (DMN), & compound that induces UDS °
'}_ 8 vitro ouly vhen sn exngenous setsbelic sctivetion syetem is in-

eomm.d h:o the trestameat protocel. The megative coatrol wes
the solvent diluted {a culture sedium.

L ]

Test Procedure

The coatecteinhibited WI-36 cells vere incubated at 37° C wvith i
dilutions of the pesticides end with 1 uCi/ml of °H-TdR (epecific sctivicy,
€.7 Ci/mmole). For testing in the sbeence of mstabolic sctivation,
the cells were exposed simultaneously o the pesticide ars to “E-TdR for
3 bours. For tescing with wetabolic accivecion, the calls wers imcubated

o]
,_
P
} -
}
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. a‘e':h:r with pnticidn. *p=TdR, and the metsbolic activation prepara= @
« tion for 1 hour. (The shorter exposurs time for mecabolic activation ‘.:_‘
A gescing was used bacsuse longer exposures of WI-18 cells to the liver g"
--hosogenate preparstion could be cytetoxic.) Ia both csses, the cells g‘l
- HETe ghen inccbated with “H-TdR snd HU, but vi:hout puticidc. for L S P8
$ {-
- DNA ves extracted froz the celle ueing & modification of che PCA- EL:
:& hydnlylu proccdurc'" oas aliquot of the DHA solution wes used to s-"
'..uouu the DNA content, sfter the reactiom with diphenylamine,”® and 2‘ :
£ B
gt
é-
8§
5
“nu lisizs, by tcgnutou of aversge dpwm,ug DHA versus lnn;c . PN
o 8
dpmfug for hek;round **  fThe regressions that follow are based on ' - K
828 that we b,gv_n &zquired in previous teeting: .
; : - Bemple Correlstion - :
- 2ype of Teating Begression® fise (n) Coefficient (r) .
"Uithout metsbolic .
. 8ctivation - ° ¥ = 629 + 16.42 (X)+ 33 0.8066
; With mecabolic - ' .
' &cuuuou <A ¥y = 212 +  2.11 (X)¢ : i3 0.8307

12 the oburvod average level of laceorporeticn for the pesitive comtrel

md is v mide the 932 coafidence limite of the regression, we asswme
that some weristion has occurnd 38 the azperisental procedurss amd the »,
" test is nnaud. ) |

. ® Bagressions mr & venge of backgrownd dpmiug D4 of O te 450.

¥ Yu © Averege d;m/ug DA for 10°° W 4¥Q0 (sositive contrel). - g =
Ts = Avarage dpu/ug DHA for 5 = i0”° M DAOM (positive comerol).
b S Avc:u;b ‘#MS A for beckgrommd (oegative soutrel). .

- )
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